Abstract : Previous studies have shown that the activities of the hepatic enzymes xanthine dehydrogenase and nucleoside phosphorylase, as well as the uric acid excreted, can be used to determine the quality of the protein consumed in chickens, in a short time and using a small amount of the test protein. A common observation in protein quality evaluation is that the food intake of the control animals is considerably greater than that observed in those receiving proteins of low quality. Since this can a †ect the results, this study measured the quality of garbanzo bean and black bean proteins in chickens fed these beans ad libitum, feeding the bean diets at the level observed in the controls (soy protein ] methionine) by enteral intubation or pair feeding the controls with the amount of food consumed by the chickens receiving the bean diets. In every case, protein quality was determined by protein efficiency ratio, net protein utilisation or the biochemical methods used in this study. The results showed that, when fed ad libitum, the animals assigned to the bean diets exhibited a lower food intake than the controls but, by tube feeding, food intake was made equal in both groups. Equal consumption, between these groups, was also obtained by reducing the amount of food o †ered to the controls to the levels measured in the groups assigned to the bean diets (pair feeding). These feeding strategies had a marked e †ect on growth, carcass protein content, protein catabolism and also in the results of protein quality. Thus, the control whose intake was reduced grew less, accumulated less protein in tissues and catabolised more of the protein consumed than the control fed ad libitum. In contrast, the chickens assigned to the bean diets, but whose food intake was increased by tube feeding, grew better, accumulated more protein in tissues and catabolised less protein. In general, the results of these experiments conÐrm the e †ectiveness of the biochemical methods for estimating protein quality and indicate that the protein quality of both garbanzo beans and black beans increased when it was measured at a food intake equivalent to that measured in the control animals. Since the overall purpose of this study was to evaluate techniques for protein quality determination meant to be applicable to humans nutrition rather than poultry nutrition, single proteins were used instead of combinations of proteins.
INTRODUCTION
The evaluation of protein quality is a key factor in the search for new protein sources as well as in the development of food proteins. Accordingly, methods have been proposed which allow the determination of protein quality in a very short time, using a small amount of the test protein. These methods are based on the determination of either the hepatic activities of the purine enzymes xanthine dehydrogenase (EC 1.2.1.37) or nucleoside phosphorylase (EC 2.4.2.1) or the uric acid excretion in chickens receiving the test protein in the diet ad libitum for a few days (1È3 days) (Hevia and Clifford 1977 ; Milla n et al 1984a ; Hevia et al 1990 ; Vit et al 1993a) . These methods show a very good correlation with the traditional methods for determining protein quality such as protein efficiency ratio or net protein utilisation, which are sensitive to small changes in the quality of the dietary protein and produce results in a very short time (Milla n et al 1984b ; Casas et al 1987 ; Vit et al 1993b) . An additional advantage of this methodology is that the protein is tested in vivo and, thus, it is a †ected by the e †ects that food processing or toxic factors which occur naturally in foods may have on the availability of proteins (Henley and Kuster 1994 ; Young and Pellet 1994 ; Sarwar 1997) . This is overlooked by the in vitro methods, such as the chemical score, unless it is corrected by the digestibility of the test protein run in vivo (Henley and Kuster 1994 ; Young and Pellet 1994 ; Car• as et al 1995) .
A common observation during the evaluation of protein quality in vivo is a voluntary reduction in food intake in the animals assigned to the test protein when the quality of this protein is lower than the control protein. This may a †ect the results of the test, since, in this case, the protein consumed is partially utilised as a source of energy and less is incorporated in new protein tissues. As a result, the quality of this protein may be underestimated (Harper 1958 ; Kino and Okumara 1986a, 1988 ; Muramatsu 1990) .
These observations lead to the conclusion that, to accurately measure the quality of a protein, the food intake of the experimental group and the control group should be similar.
One way of achieving similar food intakes in the experimental and control groups is to include a group consuming the control protein but pair-fed with the test protein group. Pereira et al (1990), however, indicated that severely restricting food intake in chickens fed soybean protein was associated with a signiÐcant reduction in its protein quality measured by PER, NPU and also the methods used here. They suggested that the reduction in protein quality measured at low food intakes resulted from both the utilisation of the dietary soybean protein as a source of energy and also to the anxiety that the food restriction imposed on the experimental animals.
Another way of achieving similar food intakes among the control and the test groups is by intubating enterally the test proteins to the level observed in the control group fed ad libitum (Kino and Okumara 1986a,b, 1988) . This procedure has also been used by Kraus et al (1997) to study the e †ect of antioxidants in zinc-deÐcient rats.
In harmony with the previous arguments, the objective of the present study was to assess the e †ect of food intake in the evaluation of protein quality in chicks. For this purpose, the quality of black beans and garbanzo beans were evaluated by both methods used for this purpose as well as by markers of protein catabolism. The hepatic purine enzymes, xanthine dehydrogenase and nucleoside phosphorylase, as well as the uric acid excreted by the chicks, were measured as indicators of protein catabolism. The chicks consumed these beans as their only protein source, and, in all cases, the results were compared with those obtained from a control group fed soybean protein with added methionine. All proteins were o †ered ad libitum, pair-fed and tube-fed. Since the overall purpose of these studies was to evaluate techniques for protein quality determination, applicable to humans nutrition rather than poultry nutrition, single proteins were used instead of combinations of proteins.
EXPERIMENTAL

Sample preparation
Approximately 5 kg of either black beans (Phaseolus vulgaris) or garbanzo beans (Cicer arietinum) were soaked in water overnight and cooked under pressure (121¡C) for 20 min. The grains were then dried at 70¡C for 48 h and ground to a Ðne powder in a laboratory mill.
Experimental animals and conditioning
One-day-old male Warren chicks, obtained from a commercial hatchery, were conditioned for 7 days with the soybean protein ] methionine diet shown in Table 1 . At the beginning of the conditioning period, seven chicks were kept in the same cage and were then progressively separated so that, at the 7th day, there was one chick per cage. During the conditioning as well as the experimental periods, the wire-bottom stainless-steel cages had a permanently lit 60-W bulb for heating. Food was o †ered to the chicks from 7.00 AM to 7.00 PM, and water was o †ered all day.
Experiment 1
Thirty-six conditioned chicks were randomly distributed into six groups. Three of these groups received the soybean protein ] methionine diet (control) and two the black bean diet shown in Table 1 . The sixth group received a protein-free diet. From the groups assigned to the control diet, one was fed ad libitum, one was tube-fed with the same amount of food consumed by the ad libitum group and one was o †ered the same amount of diet consumed by the black bean group fed ad libitum (pair-fed). From the groups assigned to the black bean diet, one was fed this diet ad libitum and the other was tube-fed the same diet but to the level of intake observed in the group receiving the control diet ad libitum. In order to tube-feed the amount of food consumed by the control animals, the diet was suspended in water (1 part diet and 2 parts water) and the chicks were given this suspension orally, four times a day. The chicks were intubated with a 5È7-cm-long, 3-mm-diameter soft plastic tubing hooked to a 10-ml syringe. The intubation of the chicks was very simple to perform and it was not stressful to the birds. The tube was inserted in the beak and gently pushed 3È4 cm down the oesophagus. The birds rapidly adapted to this kind of feeding, and, after a few days, they spontaneously looked for the tube. The food consumption of all birds was registered daily, and excreta were collected during the last 3 days of the 7-day experiment. At the end of the experiment, the chicks were killed by cervical dislocation, the livers were dissected, frozen with liquid nitrogen and kept at [30¡C until their purine enzymes activities were analysed. The carcasses and excreta were dried at 70¡C, ground and kept at [30¡C for the determination of body composition and total nitrogen and uric acid content.
Experiment 2
This experiment was identical to experiment 1, but garbanzo beans were used instead of black beans.
The protocol for these experiments fulÐlled the Universidad Simo n Bol• var regulations for laboratory animal care and use for research. These regulations agree with the principles set forth in the Guide for the Care and Use of L aboratory Animals (NRC 1996).
Methods
The nitrogen content of the diets, excreta and carcasses was determined by the method described by Hevia and Cioccia (1988) and Cioccia et al (1995) , and body fat and water were determined by the methods of Blight and Dyer (1958) and the AOAC (1990), respectively. The purine enzymes were extracted from the liver as described by Hevia and Cli †ord (1977) . The activities of the enzymes xanthine dehydrogenase and nucleoside phosphorylase were measured as described by Tramper and Angelino (1979) and Hevia and Cli †ord (1978) , respectively. Uric acid was extracted from the excreta as described by Hevia and Cli †ord (1977) and determined by the methods of Liddle et al (1959) .
The protein efficiency ratios (PERs) were determined from the total protein consumed and the growth registered during the whole study as described by the AOAC (1990), and the net protein utilisation (NPU) of the same proteins was calculated from the nitrogen consumed and excreted by the chicks fed the protein diets and the protein-free diet as recommended by Bender and Miller (1953) . The conditions of the NPU assay were essentially those described by NRC (1963) , but chicks were used instead of rats.
The results were analysed using one-way analysis of variance and correlation (Steel and Torrie 1988) , and the means were compared using the least signiÐcant difference (LSD). For these analyses, the statistical package for the social sciences SPSSPC V 6.0 from SpSS (Chicago, IL, USA) was used.
RESULTS
The results show that the chicks assigned to the control diet, fed ad libitum or tube-fed, behaved similarly in terms of food intake, growth and body composition in both experiments (Table 2 and 3 ). In addition, the same tables show that the quality of the control diet (PER or NPU) fed ad libitum was identical to that observed a Entries are means^standard error of 6 chicks. In the same row, means with di †erent letters are statistically di †er-ent according to least signiÐcant di †erence at 5%. b The chicks ate as much as they wanted. c The chicks received by intubation the amount of food consumed by the control group fed ad libitum. d The chicks were o †ered the control diet but at the level of intake registered in the black bean group fed ad libitum. e The chicks received by intubation the bean diet. The amount of diet given was Ðxed by the consumption measured in the control chicks fed ad libitum.
when this diet was tube-fed. Similar results were obtained when the markers of protein catabolism were compared between the groups which received the control diet either ad libitum or tube-fed. Thus, the hepatic activities of the enzymes xanthine dehydrogenase and nucleoside phosphorylase or the excretion of uric acid measured in the chicks fed the control diet ad libitum were equal to those observed in the chicks which received the same diet by intubation both in experiments 1 and 2 (Tables 3 and 4 ). In contrast with the previous observations, reducing the consumption of the control diet by o †ering this chicks the amount of food consumed by the chicks assigned to the black bean or the garbanzo bean diets in experiments 1 and 2 (pair-fed groups), respectively, resulted in a substantial reduction in growth and a lower body protein and fat content (Tables 2 and 3 ). In addition, these chicks, per gram of nitrogen consumed, had higher activities of the purine enzymes xanthine dehydrogenase and nucleoside phosphorylase in the liver and also excreted more uric acid, indicating that they were catabolising more of the protein consumed in both experiments (Tables 4 and 5 ). These observations coincide with a lower utilisation of the control protein in this pair-fed group, as shown by a reduction of the NPU value of this protein (Tables 2 and 3 ). This indicates that, per gram of the control protein consumed, the chicks fed this protein ad libitum or tube-fed retained more than those consuming at a lower level of intake. Tables 2 and 3 show that the chicks fed the black bean or the garbanzo bean diets ad libitum had a lower food intake, grew less and had lower body protein and fat than those assigned to the control protein fed ad libitum or tube-fed. At the same time, the data showed (Tables 4 and 5) that the hepaic purine enzymes in these chicks were substantially more active and that they excreted more uric acid than the groups receiving the control diet ad libitum or tube-fed. This indicates that the chicks consuming the beans catabolised more protein than the controls. These observations agree with the lower protein quality (PER and NPU) of the beans shown in Tables 2 and 3 and indicate that the markers of protein catabolism were capable of detecting the differences in protein quality between the control diet and the experimental diets.
The data in Table 2 and 3 also indicate that increasing the consumption of the black beans or the garbanzo bean diets by intubating them to the level of consumption seen in the controls resulted in a stimulation of growth in chicks which had more body protein. The same tables show that the NPU value of both the black beans and the garbanzo beans tube-fed were higher than the NPU of the same proteins fed ad libitum. This improvement in the results of the protein quality assays for the protein present in black beans and garbanzo beans due to a higher diet consumption also produced an e †ect on the markers of protein catabolism studied here. Thus, the chicks whose consumption of the black bean or garbanzo bean diets was increased by tube feeding had, per unit of protein consumed, a lower hepatic activity of both xanthine dehydrogenase and nucleoside phosphorylase and excreted less uric acid than the chickens receiving the same diets ad libitum (Tables 4 and 5 ). This indicates that increasing food intake caused a reduction in the catabolism of the protein consumed, which improved the outcome of the protein quality evaluation assays.
The results of a correlation analysis between the hepatic activities of both purine enzymes or the excretion of uric acid on the NPU values of all the proteins included in the study fed ad libitum, tube-fed or pair-fed, showed high (r [ 0É9) and negative correlation coefficients in both experiments. This is due to the fact that, in all situations in which the retention (NPU) of the protein consumed increased or decreased, protein catabolism was a †ected in the opposite direction. The correlation obtained with PER were lower, since this indicator of protein quality, which is based on growth, was less a †ected by the feeding strategies used here, probably because growth requires a longer time to respond.
DISCUSSION
The objective of these experiments was to study the e †ect of food intake on the determination of protein quality of a control protein (soybean ] methionine) and two experimental proteins (black bean and garbanzo beans) by the traditional methods based on growth
TABLE 5
Hepatic xanthine dehydrogenase and nucleoside phosphorylase and total uric acid excreted in chicks fed the control diet ad libitum, tube-fed or pair-fed or the garbanzo bean diet ad libitum or tube-fed during 7 days in experiment 2a (PER) or protein retention (NPU) and also by biochemical markers of protein catabolism such as the hepatic activities of the purine enzymes xanthine dehydrogenase and nucleoside phosphorylase or the excretion of uric acid. The control diet was o †ered ad libitum and pair-fed with the experimental diets, while the experimental diets were o †ered ad libitum and also tubefed to the level seen in the control diet. These strategies were successful, since, by restricting the food o †ered to the control animals and tube feeding the experimental diets, groups of chicks consumed, the control and the experimental diets at identical levels. The results showed that the quality of the proteins, measured either by protein retention or protein catabolism, was signiÐcantly a †ected by food intake. Thus, the retention of the soybean ] methionine protein decreased and the catabolism of this protein increased when its consumption was restricted. Moreover, the retention of the experimental proteins increased and their catabolism decreased when their intake was elevated by tube feeding. All these observations agreed with the results of body composition which showed less body protein and fat in the chicks consuming the control diet at restricted intakes and more body protein in the chicks consuming the experimental diets at intakes greater than their ad libitum consumption. These data show that, by increasing the consumption of diets which are not well accepted by the experimental animals, the utilisation of its protein and, therefore, the results of the protein quality assays can be substantially increased. This increment can also be achieved by restricting the consumption of the control diet by pair feeding.
The previous arguments point to the convenience of measuring protein quality having similar intakes for the control and the experimental animals using pair feeding or tube feeding. Although both methods require extra e †ort, the authors favour tube feeding because this method does not require a pair-fed control for each experimental protein. It does not negatively a †ect growth, body composition or protein metabolism, as shown here by the results of the tube-fed control group and because tube feeding was associated with a real improvement in the quality of the experimental protein.
Food restriction, in contrast, improved the quality of the experimental proteins just by o †ering a more favourable comparison with a control protein that was poorly utilised.
The increment in protein quality for both the black beans and the garbanzo beans as a result of modifying food intake may seem unrealistic because the chicks did not reject voluntarily the control diet nor consumed voluntarily the beans at the levels achieved by tube feeding. This information, however, is interesting, since it represents the quality of the studied proteins in conditions where the energy requirements are met. This condition may apply in real life to human or animals consuming mixed diets.
In general, these experiments show that the biochemical methods based on protein catabolism for estimating protein quality are useful and also that the nutritional value of a protein is a †ected by food intake. 
